Figure 1. Metabolic Control by age-1 and daf-18

Fat accumulation was assayed by Sudan black staining of hermaphrodites grown at 20ЊC. The animal in (E) is a dauer larva, whereas (A)-(D) and (F) are comparable reproductive larval stage 4 animals. (A) Wild type (Bristol N2). (B) daf-18(e1375). (C)
age-1(mg44)/mnC1. This L4 stage larva has both maternal and zygotic contributions of age-1(ϩ). (D) age-1(mg44). This L4 stage larva is a homozygote from an age-1(mg44)/ mnC1 parent and has a maternal, but not zygotic contribution of age-1. This maternal contribution of age-1 is sufficient to allow reproductive development, but the animal accumulates larger amounts of fat than wild type or the zygotically rescued age-1 mutant. (E) age-1(mg44). This dauer larva is a progeny of a maternally rescued age-1(mg44) animal. The lack of maternal and zygotic contribution of age-1 causes this animal to develop as a dauer and accumulate fat. (F) age-1(mg44); daf-18(e1375). This L4 stage larva lacks both a maternal and zygotic contribution of age-1 but does not develop into a dauer or accumulate large amounts of fat due to the suppression by the daf-18 mutation. requirement for DAF-2 insulin receptor-like signaling for suppressed by daf-18(e1375). The daf-18(e1375) mutation does not interfere with normal age-1 signaling bemetabolic control, dauer formation, and longevity (Gottlieb Tables 1 and 2 ). This is similar daf-18 Suppresses the Metabolic and Dauer to the gain-of-function akt-1(mg144), which can supPhenotypes of age-1 and daf-2 press age-1 null mutants, but not daf-2 mutants (Paradis age-1 null mutant progeny of heterozygous mothers are and Ruvkun, 1998). As in the case of other receptor maternally rescued for arrest at the dauer diapause tyrosine kinases, the DAF-2 receptor may have multiple stage (Gottlieb and Ruvkun, 1994), but not for accumulaparallel outputs, with AGE-1, AKT-1/AKT-2, and DAFtion of fat ( Figure 1D because inhibition of both gene activities in wild-type when akt-1 and akt-2 are inhibited by RNAi in age-1(mg44); daf-18(e1375), most progeny arrest at the by RNAi (RNA interference) causes constitutive dauer arrest, whereas inhibition of either akt-1 or akt-2 alone dauer stage (85% dauers, Table 1 ). These data suggest that the ability of daf-18 to suppress defects in insulindoes not (Paradis and Ruvkun, 1998). Inhibition of akt-1 and akt-2 by RNAi causes dauer arrest in either daf-18 like signaling from AGE-1 is dependent upon akt-1 and/ or akt-2, showing that daf-18 acts downstream of AGE-1 or wild-type animals (77% and 86%, respectively; Table  1 ). In contrast, 0% of daf-16(mgDf50) animals arrest as PI3K, but upstream of AKT-1 and AKT-2 in this signaling cascade. dauers when akt-1 and akt-2 are inhibited (Paradis and Ruvkun, 1998; Table 1 ). Thus, mutations in daf-18 do not bypass the normal requirement for akt-1 and akt-2 daf-18 Encodes a Homolog of Mammalian PTEN (MMAC1/TEP1) activity. These data suggest that daf-18 functions upstream or parallel to akt-1 and akt-2. daf-18 maps to a genetic region (Larsen et al., 1995), which bears the probable C. elegans homolog (T07A9.6) The suppression of age-1 null mutations by daf-18(e1375) is dependent upon akt-1 and akt-2. No progof the tumor suppressor gene PTEN. PTEN is an excellent daf-18 candidate because PTEN has lipid phosphaeny of age-1(mg44) null mutant homozygous animals develop to become fertile adults (99% dauer larvae, tase activity that dephosphorylates position 3 on the inositol ring of PIP 3 in vitro and decreases the levels of Table 1 ). In contrast, few age-1(mg44); daf-18(e1375) animals arrest as dauers (0.7% dauer larvae, ways. Consistent with this, we have seen that a daf-18 The coding region and intron/exon boundaries of dafpromoter::green fluorescent protein fusion is expressed 18(e1375) was compared to wild type. A 30-base pair in many tissues throughout the animal (data not shown). insertion mutation was detected in daf-18(e1375) (Figure  2A ). This insertion mutation occurs within exon 4 and is Inactivation of daf-18 by RNAi Suppresses predicted to insert coding for six amino acids before age-1 and daf-2 introducing a stop codon. The insertion is composed of Inactivation of the C. elegans PTEN homolog T07A9.6 a 13-base pair repeat and two smaller repeat segments.
by RNAi confirms the assignment of daf-18 to the gene, The mutation is predicted to leave the phosphatase doand the assignment of daf-18 to a function downstream main intact, but to truncate the carboxy-terminal half of of age-1 PI3K and upstream of akt-1 and akt-2. Table 2 ), inhibition of daf-18 by RNAi (Figure 1) . The daf-18(e1375) mutation also strongly supsuppresses the dauer constitutive phenotype of agepresses the longevity increase caused by the weak age-1(m333), age-1(mg109), and age-1(mg44) (only 6%, 1%, 1(hx546) PI3K mutation or the weak daf-2(e1370) insulin and 8% dauers, respectively; Table 2 ). This is comparareceptor-like mutation at a semipermissive temperature ble to the suppression of age-1(mg44) by daf-18(e1375) (Dorman et al., 1995; Larsen et al., 1995). daf-18(e1375), (0% dauers, Table 2 ). Inhibition of daf-18 PTEN by RNAi however, only weakly suppresses the longevity increase partially suppresses a mutation in the daf-2 insulin-like caused by null age-1 mutations or daf-2(e1370) at the receptor gene (Table 2 ). Similar to daf-18(e1375), the nonpermissive temperature (Dorman et al., 1995; Larsen inhibition of daf-18 gene activity in wild type causes et al., 1995). These data show that even though the some animals to burst at the vulva. increase in PIP 3 levels caused by a decrease in daf-18 gene activity can bypass the need for AGE-1 signaling Discussion in dauer arrest, the resulting level of PIP 3 is not sufficient to induce normal aging. These results are congruent Our assignment of the daf-18 molecular function to a with aging and dauer arrest phenotypes of an age-1 homolog of the PTEN lipid phosphatase fits into our allelic series: the highest levels of AGE-1 (i.e., PIP 3 ) are genetic analysis of its action in the DAF-2 insulin recepnecessary for normal longevity; animals with decreased tor-like signaling pathway (see Figure 3) . The genetic levels of PIP 3 age more slowly but do not arrest at the pathway analysis shows that DAF-18 is likely to act dauer stage; and only when both zygotic and maternal between the AGE-1 PI3K and the AKT-1 and AKT-2 ki-AGE-1 is missing do PIP 3 levels decline to the point that nases. Because PTEN has been shown to dephosphoryanimals arrest at the dauer stage (Riddle, 1988; Gottlieb late position 3 of the inositol ring of PIP 3 , DAF-18 may and Ruvkun, 1994 Table 2 ). The ability of daf-18 inhibition to suppress Alleles used were as follows: LGI, daf-16(mgDf50); LGII, sqt-1(sc13) age-1 null mutations, and our demonstration that dafage-1(mg44)/mnC1, unc-4(e120) age-1(m333)/mnC1, unc-4(e120) 18 suppression depends on the AKT kinases, suggests age-1(mg109)/mnC1; and LGIII, daf-2(e1370).
that there must be another source of PIP 3 or PI(3,4)P 2 (see Figure 3) . This alternative source of lipids is not AKT-1/2. DAF-18 may normally insulate DAF-2/AGE-1/ AKT-1/2 signaling from other PI(3,4)P 2 or PIP 3 second
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